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Description
BACKGROUND

[0001] Some augmented reality (AR) devices, mixed
reality (MR) devices, and virtual reality (VR) devices com-
prise visual displays that utilize lightguides or
waveguides, collectively referred to hereafter as
"guides." Such visual displays generally couple light into
a guide, propagate such light along the guide to another
location using total internal reflection (TIR) of the guide,
and out-couple the light from the guide to a user. Because
confinement within the guide is based on TIR, the refrac-
tive index of the material used to implement the guide
affects performance characteristics of the guide. Namely,
a higher index material provides a wider range of angles
at which light propagate within the guide, which in turn
provides a wider field-of-view (FOV) or a wider generated
image. Moreover, applications beyond AR, MR, and VR
devices may benefit from confinement in a guide of light
of certain wavelengths or ranges of wavelengths while
permitting light of other wavelengths or ranges of wave-
lengths to pass through the guide.

[0002] However, high index materials (e.g., materials
with a refractive index greater than 2) are generally more
expensive than materials having a lower refractive index.
As such, high index materials are generally cost prohib-
itive for AR devices, MR devices, and/or VR devices in-
tended for general consumer availability. Also, guides
are intrinsically limited in the range of angles that light
may be confined by TIR effects.

BRIEF SUMMARY OF THE DISCLOSURE

[0003] Shown in and/or described in connection with
at least one of the figures, and set forth more completely
in the claims are display devices with guides that prop-
agate rays from one or more image sources to an ob-
server by using a combination of refractive index inter-
faces and reflective coatings. The reflective coatings may
complement the refractive index interfaces and increase
the angles at which rays propagate through the guide. In
this manner, the display devices may provide a wider
field-of-view (FOV) or a wider generated image than is
otherwise possible with guides formed from low index
material.

[0004] These and other advantages, aspects and nov-
el features of the present disclosure, as well as details
of illustrated embodiments thereof, will be more fully un-
derstood from the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Various features and advantages of the present
disclosure may be more readily understood with refer-
ence to the following detailed description taken in con-
junction with the accompanying drawings, wherein like
reference numerals designate like structural elements.
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FIG. 1 depicts a block diagram of a computing device
comprising a display device.

FIG. 2A depicts an embodiment of a display device
thatis suitable for the display device of FIG. 1, where-
in the display device has a guide with reflective coat-
ings.

FIG. 2B depicts a graph of transmission properties
for the reflective coatings of the display device in
FIG. 2A.

FIG. 3A depicts an embodiment of a display device
thatis suitable for the display device of FIG. 1, where-
in the display device has a guide with reflective coat-
ings.

FIG. 3B depicts a graph of transmission properties
for the reflective coatings of the display device in
FIG. 3A.

FIG. 4A depicts an embodiment of a display device
suitable for the display device of FIG. 1, wherein the
display device has multiple guides each with reflec-
tive coatings.

FIG. 4B, 4C, and 4D each depict a graph of trans-
mission properties for reflective coatings of respec-
tive guides of the display device in FIG. 4A.

FIG. 5 depicts an embodiment of a head-mounted
display device suitable for the display device of FIG.
1.

FIGS. 6A and 6B illustrate Snell’s Law and the effect
of stacking material layers on rays passing through
the material layers.

FIG. 7 illustrates how reflective coatings may in-
crease a range of angles at which guides of the dis-
play devices of FIGS. 2A, 3A, 4A, and 5 may inter-
nally reflect rays.

DESCRIPTION

[0006] The following discussion provides various ex-
amples of display devices and various examples of com-
puting devices with such display devices. Such examples
are non-limiting, and the scope of the appended claims
should not be limited to the particular examples dis-
closed. In the following discussion, the terms "example"
and "e.g." are non-limiting.

[0007] Thefigures illustrate the general mannerof con-
struction, and descriptions and details of well-known fea-
tures and techniques may be omitted to avoid unneces-
sarily obscuring the present disclosure. In addition, ele-
ments in the drawing figures are not necessarily drawn
to scale. For example, the dimensions of some of the
elements in the figures may be exaggerated relative to
other elements to help improve understanding of the ex-
amples discussed in the present disclosure. The same
reference numerals in different figures denote the same
elements.

[0008] The term "and/or" means any one or more of
the items in the list joined by "and/or". As an example, "x
and/or y" means any element of the three-element set
{(x), (y), (x, y)}. As another example, "x, y, and/or z"
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means any element of the seven-element set {(x), (y),
(), (x,y), (x, 2), (v, 2), (X, ¥, 2)}-

[0009] The terms "comprises," "comprising," "in-
cludes," and/or "including," are "open ended" terms and
specify the presence of stated features, but do not pre-
clude the presence or addition of one or more other fea-
tures.

[0010] The terms "first," "second," etc. may be used
herein to describe various elements, and these elements
should not be limited by these terms. These terms are
only used to distinguish one element from another. Thus,
for example, a first element discussed in this disclosure
could be termed a second element without departing from
the teachings of the present disclosure.

[0011] Unless specified otherwise, the term "coupled"
may be used to describe two elements directly contacting
each other or describe two elements indirectly connected
by one or more other elements. For example, if element
Alis coupled to element B, then element A can be directly
contacting element B or indirectly connected to element
B by an intervening element C. Similarly, the terms "over"
or "on" may be used to describe two elements directly
contacting each other or describe two elements indirectly
connected by one or more other elements.

[0012] Aspects of the present disclosure are directed
to a display device or another device. Such a device may
comprise a guide, a back side coating, a front side coat-
ing, an input coupler, an output coupler, and an image
source. The guide may comprise a guide front side and
a guide back side opposite the guide front side. The back
side coating may line or coat the guide back side and
may reflect rays in a first waveband. The front side coat-
ing may line or coat the guide front side and may reflect
rays in a second waveband. The image source may emit
rays toward the guide. The input coupler may receive the
rays emitted by the image source and couple the rays
into the guide. The output coupler may receive rays prop-
agated along the guide between the guide back side and
the guide front side and emit the received rays from the
guide front side. Some embodiments of a display device
or other device may utilize other techniques for coupling
lightinto the guide. For example, such devices may place
the light source inside the guide, couple lightinto an edge
ofthe guide, or using a prism to couple lightinto the guide.
Conversely, some embodiments of a display device or
other device may utilize other techniques for coupling
light out of the guide and/or to a sensor. For example,
such devices may place the sensorinside the guide, cou-
ple light out of an edge of the guide, or use a prism to
couple light out of the guide.

[0013] Further aspects of the present disclosure are
directed to a method of a display device or another de-
vice. The method may include emitting rays from an im-
age source, and coupling the rays from the image source
into a guide comprising a guide front side with a front
side coating and a guide back side with a back side coat-
ing. The method may also include reflecting a first portion
of the rays between the guide front side and the guide
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back side based on refractive index interfaces of the
guide front side and the guide back side, and reflecting
a second portion of the rays between the front side coat-
ing and the back side coating based on a common re-
flective waveband of the front side coating and the back
side coating. Further, the method may include out-cou-
pling the first portion and the second portion of the rays
from the guide front side. Some example methods of a
display device or other device may utilize other tech-
niques for coupling light into the guide. For example, such
methods may include placing the light source inside the
guide, coupling light into an edge of the guide, or using
a prism to couple light into the guide. Conversely, some
example methods of a display device or another device
may utilize other techniques for coupling light out of the
guide and/or to a sensor. For example, such methods
may include placing the sensor inside the guide, coupling
lightout of an edge ofthe guide, or using a prism to couple
light out of the guide.

[0014] Referring to FIG. 1, a block diagram of a com-
puting device 100 is shown. The computing device 100
may include one or more processors 110, one or more
storage devices 120, a display device 130, and various
input/output (1/0O) devices 150. In various embodiments,
the computing device 100 may be implemented as an
augmented reality (AR) device, a mixed reality (MR) de-
vice, a virtual reality (VR) device, or some other comput-
ing device form factor.

[0015] The computing device 100 may include buses
and/or other interconnects that operatively couple the
processor(s) 110, storage device(s) 120, display device
130, and I/O device(s) 150 to one another. A processor
110 may be configured to execute instructions, manipu-
late data, and control operation of other components of
the computing device 100 as a result of executing such
instructions. To this end, the processors 110 may include
a general purpose processor such as, for example, an
x86 processor, an ARM processor, etc., which are avail-
able from various vendors. However, the processor 110
may also be implemented using an application specific
processor and/or other analog and/or digital logic circuit-
ry.
[0016] The storage devices 120 may include one or
more volatile storage devices and/or one or more non-
volatile storage devices. In general, a storage device 120
may store software and/or firmware instructions, which
may be executed by a processor 110. The storage de-
vices 120 may store various types of data which the proc-
essor 110 may access, modify, or otherwise manipulate
in response to executing instructions. To this end, the
storage device 120 may include random access memory
(RAM) device(s), read only memory (ROM) device(s),
sold state device (SSD)drive(s), flash memory device(s),
etc. In some embodiments, one or more devices of the
storage devices 120 may be integrated with one or more
processors 110.

[0017] The display device 130 may emit light rays to
present images and/or other visual output. In particular,
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the display device 130 may emit such rays in response
to the processor 110 executing instructions. As explained
in greater detail below, the display device 130 may in-
clude a guide along which rays from an image source is
propagated to a front side of the display device 130.
[0018] The other I/O devices 150 may provide devices
which enable a user or another device (e.g., another com-
puting device, networking device, etc.) to interact with
the computing device 100. For example, the 1/0 devices
150 may include buttons, touch screens, keyboards, mi-
crophones, audio speakers, etc. via which a person may
interact with the computing device 100. The I/O devices
150 may also include network interfaces that permit the
computing device 100 to communicate with other com-
puting devices and/or networking devices. To this end,
the networking interfaces may include a wired networking
interface such as an Ethernet (IEEE 802.3) interface; a
wireless networking interface such as a WiFi (IEEE
802.11) interface, BlueTooth (IEEE 802.15.1) interface;
a radio or mobile interface such as a cellular interface
(GSM, CDMA, LTE, efc.), and/or some other type of net-
working interface capable of providing a communications
link between the computing device 100 and another com-
puting device and/or networking device.

[0019] The above describes aspects of the computing
device 100. However, there may be significant variation
in actual implementations of the computing device 100.
Forexample, a head setimplementation of the computing
device 100 may use vastly different components and may
have a vastly different architecture than a smart phone
implementation of the computing device 100. Despite
such differences, computing devices still generally in-
clude processors that execute software and/or firmware
instructions in order to implement various functionality.
As such, the above described aspects of the computing
device 100 are not presented from a limiting standpoint
but from a generally illustrative standpoint.

[0020] Certain aspects of the present disclosure may
be especially useful for computing devices implemented
as AR devices, MR devices, or VR devices. Certain as-
pects of the present disclosure may also be beneficial
for display devices of cell phones, computer monitors,
tablets, or other devices that may utilize a guide or an
optical transport layer for light projection or light recep-
tion. However, the present disclosure envisions that as-
pects will find utility across a vast array of different com-
puting devices, computing platforms, and/or other envi-
ronments and the intention is not to limit the scope of the
present disclosure to a specific computing device, com-
puting platform, and/or environment beyond any such
limits that may be found in the appended claims.
[0021] Referring now to FIG. 2A, a display device 200
is shown. The display device 200 may be suitable for
implementing the display device 130 of FIG. 1. The dis-
play device 200 may comprise an image source 210, a
guide 220, an input coupler 231, an output coupler 232,
a back side reflective coating 241, and a front side re-
flective coating 242. The image source 210 may com-
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prise aliquid-crystal display (LCD) device, a liquid-crystal
on silicon (LCoS) device, a light-emitting diode (LED) de-
vice, an organic light-emitting diode (OLED) device, a
quantum dot device, interferometric modulator device, or
other image generating device.

[0022] The guide 220 may comprise one or more die-
lectric layers that define a guide back side 221, a guide
front side 222 opposite the guide back side 221, and a
guide sidewall 223 between the guide back side 221 and
the guide front side 222. The guide 220 may further in-
clude the input coupler 231 along the guide back side
221 and the output coupler 232 along the guide front side
222,

[0023] The guide 220 may include a back side reflec-
tive coating 241 along the guide back side 221 and a
front side reflective coating 242 along the guide front side
222. The image source 210 may be positioned below or
behind the guide back side 221 such that light or other
electromagnetic ray(s) 211 emitted by the image source
210 are aligned with the input coupler 231.

[0024] The guide back side 221, the guide front side
222, and their respective coatings 241, 242 may coop-
erate to trap rays 211 within the guide 220 and route the
trapped rays 211 from the input coupler 231 to the output
coupler 232. In various embodiments, thicknesses of the
one or more dielectric layers forming the guide 220 may
be defined such that the guide 220 supports propagation
of a discrete set of modes or a continuum of modes.
[0025] The input coupler 231 may be positioned along
the guide back side 221. The input coupler 231 may be
constructed to permit rays 211 emitted by the image
source 210 to enter the guide 220 via the guide back side
221. In some embodiments, the input coupler 231 may
be positioned along other sides and/or surfaces (e.g.,
guide sidewall 223) of the guide 220 to receive rays 211
emitted by an image source aligned with such side of the
guide 220. Conversely, the output coupler 232 may be
positioned along the guide front side 222. The output
coupler 232 may be constructed to permit rays 211 to
exit the guide 220 via the guide front side 222. In some
embodiments, the output coupler 232 may be positioned
along other sides and/or surfaces (e.g., guide sidewall
223) of the guide 220 to permit rays 211 to exit via such
side of the guide 220.

[0026] The couplers 231, 232 may be prismatic cou-
plers, diffractive couplers, metasurface couplers, or other
types of optical couplers known in the art. The couplers
231, 232 may be embedded in one or more layers of the
guide 220, etched into one or more layers of the guide
220, or mounted on the guide front side 222, the guide
back side 221, or the guide sidewall 223. As such, the
guide 220 may provide out-coupling of the rays 211 from
the guide front side 222.

[0027] While depicted with a single input coupler 231
and a single output coupler 232, the display device 200
may include multiple input couplers 231 and/or output
couplers 232, thus providing the guide 220 with multiple
in-coupling and/or out-coupling regions. Moreover, the
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output coupler 232 may be designed to have multiple
out-coupling or uncoupling regions. Multiple out-coupling
or uncoupling regions may be useful, for example, to ex-
pand the spatial extent of the out-coupling area by out-
coupling rays on several bounces within the guide 220.
[0028] Forclarity, FIG. 2A depicts asingle ray 211 gen-
erated by the image source 210. However, in various
embodiments, the image source 210 may generate a
number of rays 211 within a certain field-of-view (FOV).
Moreover, the image source 210 may generate rays 211
of multiple wavelengths.

[0029] Theoutputcoupler232 may be designed to min-
imize interference with light rays from its surrounding en-
vironment (e.g., light rays from the outside world) that
pass through the guide 220. Hereafter, such light rays
are referred to as world light 280. In particular, by choos-
ing an appropriate grating pitch and/or reducing an index
contrast of the output coupler 232, the output coupler 232
may be placed without interfering or appreciably interfer-
ing with the world light 280. The output coupler 232 may
extend to cover a large portion of the guide front side 222
or may be confined to discrete areas of the guide 220 as
shown.

[0030] If the couplers 231, 232 are implemented as
diffraction grating couplers having a same period, rays
211 emitted by the display device 200 should experience
little to no distortion due to diffraction grating dispersion.
However, if the period of the input coupler 231 differs
from the period of the output coupler 232, then the rays
211 may experience image distortion due to mismatched
dispersion of the couplers 231, 232. Similarly, if the input
coupler 231 is implemented as prism coupler and the
output coupler 232 is implemented as a grating coupler
or vice versa, the resulting signal emitted by the display
device 200 may experience image distortion due to mis-
matched dispersion of the couplers 231, 232. As such,
the display device 200 may include other elements such
as optical elements embedded in the guide 220 that com-
pensate for such distortion. Moreover, software executed
by the processor 110 and used to drive the image source
210 may alter the rays 211 emitted by the image source
210 so as to compensate for such distortion.

[0031] For MR devices and VR devices, the display
device 200 generally provides the observer 290 with rays
generated by the image source 210 without concern for
providing the observer 290 with rays from another
source. For example, the display device 200 of an MR
device or VR device may not provide the observer 290
with world light 280. As such, the display device 200 for
such devices need not permit world light 280 to pass
through the guide back side 221 and out the guide front
side 222 to the observer 290. As such, the reflective coat-
ings 241, 242 of such devices may each have an arbitrary
wide reflective waveband (e.g., the entire visible light
waveband).

[0032] Conversely, for an AR device, the display de-
vice 200 may provide the observer 290 with not only rays
emitted from the image source 210, but also provide the
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observer 290 with world light 280. For such an AR device,
the reflective coatings 241, 242 may span a fraction of
the visible light waveband and generally permit the pas-
sage of world light 280 through the guide back side 221,
out the guide front side 222, and to the observer 290. In
this manner, the observer 290 may simultaneously ob-
serve rays from both the image source 210 and the sur-
rounding environment. While world light transmission
may not be essential for MR devices and/or VR devices,
the reflective coatings 241, 242 of the display device 200
for some embodiments of MR and/or VR devices may
similarly span a fraction of the visible light waveband
range in a manner similar to AR devices.

[0033] For example, the reflective coatings 241, 242
may be designed to have high reflection (low transmis-
sion) over the green (G) waveband and a range of oper-
ating angles produced by image source 210 and the input
coupler 231. Moreover, the reflective coatings 241, 242
may be designed to have high transmission over other
visible light wavebands. Due to such reflectivity, the re-
flective coatings 241, 242 may generally permit world
light 280 from the surrounding environment to pass
through the guide 220 to the observer 290 while also
propagating rays in the green (G) waveband from the
image source 210 to the observer 290.

[0034] The graph of FIG. 2B depicts such reflectivity
of the coatings 241, 242. Shown values for the green (G)
waveband, coating reflection band, and reflection/trans-
mission values of the graph are merely exemplary and
not intended to limit the present disclosure unless spe-
cifically present in the appended claims. In various em-
bodiments, the coatings 241, 242 may account for pos-
sible batch-to batch and/or temperature variations of
green (G) waveband rays emitted by the image source
210. Similarly, the reflectivity waveband of the coatings
241, 242 may account for possible temperature shifts
and changes in the angle of incidence of rays on the
coatings 241, 242.

[0035] In various embodiments, the coatings 241, 242
are implemented in the same manner. As such, the coat-
ings 241, 242 provide the same or substantially the same
reflective waveband and thus cooperate to propagate
rays 211 within the reflective waveband of the coatings
241, 242. In some embodiments, the coatings 241, 242
may provide different reflective wavebands. In such em-
bodiments, the coatings 241, 242 the coatings 241, 242
may cooperate to propagate rays 211 within a common
waveband (e.g., a portion of the two wavebands that
overlap).

[0036] In various embodiments, the coatings 241, 242
may comprise alternating layers of dielectric materials
and/or metallic materials of different refractive indices.
For example, the coatings 241, 242 may comprise alter-
nating layers of higher index materials and lower index
materials. In such embodiments, the higher index mate-
rials may be selected from tantalum oxide, titanium oxide,
silicon carbide, silicon nitride, aluminum nitride, etc. The
lower index materials may be selected from epoxy, alu-
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minum oxide, silicon oxide, etc.

[0037] The structure of alternating layers may provide
the coatings 242, 242 with a reflective structure in which
alternating layers have a layerthickness of approximately
a certain wavelength for light of a corresponding wave-
length to be reflected. For example, a region of interest
may be provided with quarter wavelength stacks com-
prising a layer thickness of one quarter of the reflected
wavelength. In such embodiments, in order to reduce the
width of the region, the layers of the stack may be shifted
from the quarter wavelength such that one of the layer
types (e.g., a higher index material layer or a lower index
material layer) provides a layer thickness of approximate-
ly 1.5 or more quarter wavelengths, while the other layer
type may provide a layer thickness reduced from a quar-
ter wavelength to as little as one tenth of a quarter wave-
length or less.

[0038] A guide 220 formed from high index materials
(e.g., materials having a refractive index greater than 2)
may propagate rays at a wider range of angles than a
guide 220 formed from a lower index material. While a
wider range of angles may be desirable in order to provide
the display device 200 with a wider field-of-view (FOV),
high index materials are generally more expensive than
lower index materials. Moreover, merely forming the
guide 220 from several layers of lower refractive index
materials does not provide a wider range of angles at
which rays propagates through the guide 220.

[0039] A layer of material 601 is shown in FIG. 6A with
rays exiting to an ambient media 603 atanin-media angle
A1 to normal. If the material 601 has a refractive index
N1 and the ambient media 603 has a refractive index N3,
the final exit angle A3 will not change if a layer of material
602 with refractive index N2 is added. See, e.g., FIG. 6B.
According to Snell’s law:

N1*sin(A1) = N2*sin (A2) = N3*sin(A3)

Thus, one may not increase the field-of-view of the dis-
play device 200 by simply stacking additional layers of
lower index materials on the guide 220.

[0040] Accordingly, the display device 200 comprises
the reflective coatings 241, 242 to complement or in-
crease the range of angles reflected by the guide 220
due to its refractive index interfaces. As shown in FIG.
7, the refractive index interface of the guide 220 may
provide a first range 701 of angles at which rays are in-
ternally reflected. The coatings 241, 242 may be de-
signed to internally reflect rays at a second range 702 of
angles. As shown, the reflective coatings 241, 242 may
be designed such that the second range 702 of angles
includes additional angles not present in the first range
701 of angles provided by the refractive index interface.
To this end, the ranges 701, 702 may be distinct or par-
tially overlap. The net result is the refractive index inter-
face and coatings 241, 242 cooperate to increase the
angles at which rays 211 are internally reflected and
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therefore provide display device 200 with a wider field-
of-view.

[0041] Referring now to FIG. 3A, another embodiment
of adisplay device is shown. The display device 201 may
be suitable for implementing the display device 130 of
FIG. 1. As shown, the display device 201 may comprise
an image source 210, a guide 220, an input coupler 231,
an output coupler 232, a back side reflective coating 243,
and a front side reflective coating 244. The image source
210 may comprise a liquid-crystal display (LCD) device,
a liquid-crystal on silicon (LCoS) device, a light-emitting
diode (LED) device, an organic light-emitting diode
(OLED) device, a quantum dot device, interferometric
modulator device, or other image generating device.
[0042] The display device 201 may be implemented in
a similar manner as display device 200. However, the
coatings 243, 244 of display device 201 differ from the
coating 243, 244 of display device 200. In particular, the
coatings 243, 244 may be designed to have high reflec-
tion (low transmission) over a red (R) waveband and a
blue (B) waveband in addition to the green (G) waveband
of coatings 241, 242. Moreover, the reflective coatings
243, 244 may be designed to have high transmission
over other visible light wavebands. Due to such reflec-
tivity, the reflective coatings 243, 244 may generally per-
mit world light 280 from the surrounding environment to
pass through the guide 220 to the observer 290 while
also propagating rays in the red (R), green (G), blue (B)
wavebands from the image source 210 to the observer
290.

[0043] The graph of FIG. 3B depicts such reflectivity
of the coatings 243, 244. Shown values for the red (R),
green (G), and blue (B) wavebands, coating reflection
band, and reflection/transmission values of the graph are
merely exemplary and not intended to limit the present
disclosure unless specifically present in the appended
claims. In various embodiments, the coatings 243, 244
may account for possible batch-to batch and/or temper-
ature variations of the rays emitted by the image source
210inthered (R), green (G), and/or blue (B) wavebands.
Similarly, the reflectivity waveband of the coatings 243,
244 may account for possible temperature shifts and
changes in the angle of incidence of rays on the coatings
243, 244.

[0044] Referring now to FIG. 4A, another embodiment
of adisplay device is shown. The display device 202 may
be suitable for implementing the display device 130 of
FIG. 1. As shown, the display device 202 may comprise
image sources 210r, 210g, 210b, guides 220r, 220g,
220b, input couplers 231r, 231g, 231b, output couplers
232r, 232g, 232b, back side reflective coatings 241r,
2419, 241b, and front side reflective coatings 242r, 2429,
242b. The image sources 210r, 210g, 210b may be po-
sitioned below or behind a guide back side 221r.

[0045] Each guide 220r, 220g, 220b may be imple-
mented similar to the guide 220 of display device 200. In
particular, each guide 220r, 220g, 220b may have a re-
spective guide back side 221r, 221g, 221b, a respective
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guide front side 222r, 222g, 222b opposite its respective
guide back side 221r,221g, 221b, and a respective guide
sidewall 223r, 223g, 223b between its respective guide
back side 221r, 221g, 221b and its respective guide front
side 222r, 2229, 222b. Each guide 220r, 220g, 220b may
further include a respective input coupler 231r, 231g,
231b along its guide back side 221r, 221g, 221b and a
respective output coupler 232r, 232g, 232b along its
guide front side 222r, 222g, 222b.

[0046] Each guide 220r, 220g, 220b may include a re-
spective back side reflective coating 241r, 241g, 241b
along its guide back side 221r, 221g, 221b and a front
side reflective coating 242r, 2429, 242b along its guide
front side 222r, 2229, 222b. Each image source 210r,
210g, 210b may be positioned below or behind the guide
back side 221r such that ray(s) 211r, 211g, 211b emitted
by the image sources 210r, 210g, 210b are aligned with
arespective input coupler 231r, 231g, 231b. In this man-
ner, ray(s) 211r, 211b, 211g may be in-coupled to a re-
spective guide 220r, 220b, 220g. While depicted as three
distinct image sources, the image sources 210r, 210g,
210b in some embodiments may be provided by a single
imaging device.

[0047] The output couplers 232r, 232g, 232b of the
guides 220r, 220g, 220b may be vertically aligned with
each other such that out-coupled rays of lower guides
pass through output couplers of higher guides. In partic-
ular, the guide 220b may be positioned over the guide
220g and the output coupler 232b of the guide 220b may
be positioned over the output coupler 2329 of the guide
220g. Further, the guide 220g may be positioned over
the guide 220r and the output coupler 232g of the guide
220g may be positioned over the output coupler 232r of
the guide 220r. In this manner, out-coupled rays 211r of
the guide 220r may pass through guides 220g, 220b po-
sitioned above the guide 220r and their respective output
couplers 232g, 232b that are positioned above the guide
220r. Similarly, out-coupled rays 211g of the guide 220g
may pass through the guide 220b positioned above the
guide 220g and its output couplers 232b. As such, an
observer 290 may receive rays 211r, 211g, 211b of the
image sources 210r, 210g, 210b via the guide front side
222b.

[0048] Thedisplaydevice 202 may transportrays211r,
211b, 211g from the image sources 210r, 210g, 210b to
the observer 290. In particular, the display device 202
may couple rays 211r, 211g, 211b into respective guides
220r, 220g, 220b via input couplers 231r, 231g, 231b.
Total internal reflection (TIR) of the guides 220r, 220g,
220b and reflectivity of their coatings may combine to
trap and propagate the rays 211r, 211g, 211b from input
couplers 231r, 231g, 231b to output couplers 232r, 2329,
232b. The output couplers 232r, 232g, 232b may then
emit or out-couple the rays 211r, 211g, 211b from their
guide front side 222r, 222g, 222b to the observer 290.
[0049] As depicted in FIG. 4A, the display device 202
may support three different wavebands (e.g., red, green,
blue). However, the display device 202 may be imple-
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mented with an arbitrary number of wavebands by using
an appropriate number of guides. Moreover, in an exam-
ple embodiment, the guide 220b comprises a guide front
side 222b that interfaces with the external environment
(e.g., air). In some embodiments, an air gap is maintained
between each guide 220r, 220g, 220b to ensure that both
the guide front sides 222r, 222g, 222b and the guide back
sides 221r, 2219, 221b interface a medium (e.g., air) hav-
ing a same refractive index. This ensures that the front
side and back side of each guide 220r, 220g, 220b pro-
vides a same internal refraction.

[0050] The graph of FIG. 4B depicts reflectivity of the
coatings 241r, 242r. The graph of FIG. 4C depicts reflec-
tivity of the coatings 241g, 242g. The graph of FIG. 4D
depicts reflectivity of the coatings 241b, 242b. Shown
values for the respective wavebands (e.g., red (R), green
(G), and blue (B)), coating reflection band, and reflec-
tion/transmission values of the graphs are merely exem-
plary and not intended to limit the present disclosure un-
less specifically present in the appended claims. In var-
ious embodiments, the coatings may accountfor possible
batch-to batch and/ortemperature variations of the wave-
band of rays emitted by the respective image source
210r, 210g, 210b. Similarly, the reflectivity waveband of
the coatings 241r, 241g, 241b, 242r, 2429, 242g may
account for possible temperature shifts and changes in
the angle of incidence of rays on the coatings 241r, 241g,
241b, 242r, 2429, 242g.

[0051] Referring now to FIG. 5, another embodiment
of adisplay device is shown. The display device 203 may
be suitable for implementing the display device 130 of
FIG. 1. The display device 203 may comprise a first dis-
play device 203R for a first eye 290R of an observer 290
and a second display device 203L for a second eye 290L
of the observer 290. In various embodiments, the display
device 203 may be implemented as a head-mounted de-
vice such as eyeglasses, a visor, a headset, or other
AR/MR/VR display device form factor. To this end, the
display device 203 may comprise a frame 205 having
arms 207R, 207L and abridge 209. The arms 207R, 207L
may be positioned proximate outer ends of the display
devices 203R, 203L and the bridge 209 may span be-
tween inner ends of the display device 203R, 203L. The
frame 205 may hold and position the first display device
203R and the second display device 203L on a face of
the observer 290. In particular, the observer 290 may
place the arms 207R, 207L over their ears and the bridge
209 over the bridge of their nose to respectively position
the first display device 203R and the second display de-
vice 203L in front of their eyes 290R, 290L.

[0052] As depicted, each display device 203R, 203L
may be implemented similarly to the display device 200.
Namely, the first display device 203R may comprise an
image source 210R, a guide 220R, an input coupler
231R, an output coupler 232R, a back side reflective
coating 241R, and a front side reflective coating 242R.
Similarly, the second display device 203L may comprise
an image source 210L, a guide 220L, an input coupler
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231L, an output coupler 232L, a back side reflective coat-
ing 241L, and a front side reflective coating 242L.
[0053] In some embodiments, the display device 203
may include additional AR/MR/VR components such as,
for example, eye tracking module(s), 3D sensing mod-
ule(s), remote controller module(s), video camera(s), mi-
crophone(s), and/or speaker(s). For AR applications, the
display devices 203R, 203L may be implemented to per-
mit passage of world light 280 through their respective
guides 220R, 220L to the eyes 290R, 290L of the ob-
server 290. For VR or MR application, the display device
203R, 203L may be implemented to prevent passage of
world light 280 through their respective guides 220R,
220L. As such, the coatings 241R, 241L, 242R, 242L
may be implemented with a high reflectivity waveband
that is wider than the green (G) waveband of the display
device 200. In some embodiments, the high reflectivity
waveband of the coatings 241R, 241L, 242R, 242L may
span the full visible light waveband.

[0054] The present disclosure includes reference to
certain examples, however, it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted without departing from
the scope of the disclosure. In addition, modifications
may be made to the disclosed examples without depart-
ing from the scope of the present disclosure. For exam-
ple, the display devices 200, 201, 202, 203 possess var-
ious described features. Additional display device em-
bodiments may mix, match, and/or otherwise combine
features from the display devices 200, 201, 202, 203.
Therefore, it is intended that the appended claims not be
limited to the examples disclosed, but instead encom-
pass all embodiments that fall within their respective
scope.

[0055] In the following, a set of aspects is disclosed.
The aspects are numbered to facilitate referencing the
features of one aspectin other aspects. The aspects form
part of the disclosure of the present application and could
be made subject to independent and/or dependent
claims irrespective of what currently is claimed in the ap-
plication. The aspects are:

1. A device, comprising:

aguide comprising a guide frontside and aguide
back side opposite the guide front side;

a back side coating along the guide back side
and configured to reflect rays in a first wave-
band; and

a front side coating along the guide front side
and configured to reflect rays in a second wave-
band;

wherein the front side coating and the back side coat-
ing confine light propagating within the guide.

2. The device of aspect 1, comprising:
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an image source configured to emit rays toward
the guide;

an input coupler configured to receive the rays
emitted by the image source and couple the rays
into the guide; and

an output coupler configured to receive rays
propagated along the guide between the guide
back side and the guide front side and emit the
received rays from the guide front side.

3. The device of aspect 1, wherein:

the guide provides refractive index interfaces
that internally reflect a first portion of the rays
within a first range of angles; and

the back side coating and the front side coating
cooperate to provide internal reflection for a sec-
ond portion of the rays within a second range of
angles.

4. The device of aspect 3, wherein the first range of
angles and the second range of angles overlap.

5. The device of aspect 3, wherein the first range of
angles and the second range of angles are non-over-
lapping.

6. The device of aspect 3, wherein the second range
of angles are at least partially outside of the first
range of angles.

7. Thedevice of aspect 1, wherein the front side coat-
ing and the back side coating each comprises one
or more dielectric layers.

8. The device of aspect 1, wherein the front side coat-
ing and the back side coating each comprises one
or more metallic layers.

9. The device of aspect 1, wherein the first waveband
and the second waveband overlap.

10. The device of aspect 1, wherein the first wave-
band and the second waveband are substantially
identical.

11. The device of aspect 1, wherein:

the back side coatingis configured toreflectrays
of a first plurality of non-overlapping wavebands
that include the first waveband;

the front side coating is configured to reflect rays
of a second plurality of non-overlapping wave-
bands that include the second waveband.

12. The device of aspect 11, wherein each waveband
of the first plurality of non-overlapping wavebands is
substantially identical to a correspond waveband of
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the second plurality of non-overlapping wavebands.

13. The device of aspect 1, comprising:

a second guide comprising a second guide front
side and a second guide back side opposite the
second guide front side;

a second back side coating along the second
guide back side and configured to reflect rays in
a third waveband;

a second front side coating along the second
guide front side and configured to reflect rays in
a fourth waveband;

a second image source configured to emit rays
toward the second guide;

a second input coupler configured to receive the
rays emitted by the second image source and
couple the rays into the second guide; and

a second output coupler configured to receive
rays propagated along the second guide be-
tween the second guide back side and the sec-
ond guide front side and emit the received rays
from the second guide front side.

14. The device of aspect 13, comprising a frame,
wherein the frame includes:

a first arm proximate a first end of the guide;
asecond arm proximate a firstend of the second
guide; and

a bridge between a second end of the guide and
a second end of the second guide.

15. The device of aspect 13, wherein:

the second guide back side is positioned over
the guide front side;

the second input coupler is positioned between
the second guide back side and the guide front
side; and

the output coupler is positioned between the
second guide back side and the guide front side.

16. The device of aspect 15, comprising an air gap
between the second guide back side and the guide
front side.

17. The device of aspect 13, comprising

a third guide comprising a third guide front side
and a third guide back side opposite the third
guide front side;

a third back side coating along the third guide
back side and configured to reflect rays in a fifth
waveband;

a third front side coating along the third guide
front side and configured to reflect rays in a sixth
waveband;
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a third image source configured to emit rays to-
ward the second guide;

a third input coupler configured to receive the
rays emitted by the second image source and
couple the rays into the third guide; and

a third output coupler configured to receive rays
propagated along the third guide between the
third guide back side and the third guide front
side and emit the received rays from the third
guide front side.

18. The device of aspect 17, wherein:

the first waveband and the second waveband
correspond to a red waveband;

the third waveband and the fourth waveband
correspond to a green waveband; and

the fifth waveband and the sixth waveband cor-
respond to a blue waveband.

19. The device of aspect 17, comprising an imaging
device, wherein the imaging device includes the im-
age source, the second image source, and the third
image source.

20. The device of aspect 1, wherein:

the front side coating permits passage of light
of a third waveband through the front side coat-
ing; and
the back side coating permits passage of light
of a fourth wave band through the back side
coating.

21. A method, comprising:

emitting rays from an image source;

coupling the rays from the image source into a
guide comprising a guide front side with a front
side coating and a guide back side with a back
side coating;

reflecting a first portion of the rays between the
guide front side and the guide back side based

on refractive index interfaces of the guide front
side and the guide back side;

reflecting a second portion of the rays between
the front side coating and the back side coating
based on a common reflective waveband of the
front side coating and the back side coating; and
out-coupling the first portion and the second por-
tion of the rays from the guide front side.

22. The method of aspect 21, wherein:

the reflecting the first portion of the rays com-
prises reflecting rays within a first range of an-
gles; and

the reflecting the second portion of the rays com-
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prises reflecting rays within a second range of
angles.

23. The method of aspect 21, wherein:

the reflecting the first portion of the rays com-
prises reflecting rays within a first range of an-
gles; and

the reflecting the second portion of the rays com-
prises reflecting rays within a second range of
angles that overlaps the first range of angles.

24. The method of aspect 21, wherein:

the reflecting the first portion of the rays com-
prises internal reflecting rays within a first range
of angles; and

the reflecting the second portion of the rays com-
prises internally reflecting rays within a second
range of angles that does not overlap the first
range of angles.

25. The method of aspect 21, comprising:

emitting second rays from a second image
source;

coupling the second rays into a second guide
comprising a second guide front side with a sec-
ond front side coating and a second guide back
side with a second back side coating;
reflecting a first portion of the second rays be-
tween the second guide front side and the sec-
ond guide back side based on refractive index
interfaces of the second guide front side and the
second guide back side;

reflecting a second portion of the second rays
between the second front side coating and the
second back side coating based on a common
reflective waveband of the second front side
coating and the second back side coating; and
out-coupling the first portion and the second por-
tion of the second rays from the second guide
front side.

[0056] Implementations as described herein may re-
late to the following: A display device may include a guide,
a back side coating, a front side coating, an input couple,
and output coupler, and animage source. The guide may
include a guide front side and a guide back side opposite
the guide front side. The back side coating may line the
guide back side and may reflect rays in a first waveband.
The front side coating may line the guide front side and
may reflect rays in a second waveband. The image
source may emit rays toward the guide. The input coupler
may receive the rays emitted by the image source and
couple the rays into the guide. The output coupler may
receive rays propagated along the guide between the
guide back side and the guide front side and emit the

15

20

25

30

35

40

45

50

10

received rays from the guide front side.

[0057] The present application claims priority of U.S.
Patent Application No. 18/126,667, filed March 27,2023,
the entire disclosure of which is herewith explicitly incor-
porated by reference into the present application.

Claims
1. A device, comprising:

aguide comprising a guide frontside and aguide
back side opposite the guide front side;

a back side coating along the guide back side
and configured to reflect rays in a first wave-
band; and

a front side coating along the guide front side
and configured to reflect rays in a second wave-
band;

wherein the front side coating and the back side
coating confine light propagating within the
guide.

2. The device of claim 1, comprising:

an image source configured to emit rays toward
the guide;

an input coupler configured to receive the rays
emitted by the image source and couple the rays
into the guide; and

an output coupler configured to receive rays
propagated along the guide between the guide
back side and the guide front side and emit the
received rays from the guide front side.

3. The device of claim 1 or 2, wherein:

the guide provides refractive index interfaces
that internally reflect a first portion of the rays
within a first range of angles; and

the back side coating and the front side coating
cooperate to provide internal reflection for a sec-
ond portion of the rays within a second range of
angles.

4. The device of claim 3, wherein

a) the firstrange of angles and the second range
of angles overlap, and/or wherein

b) the firstrange of angles and the second range
of angles are non-overlapping, and/or wherein
c) the second range of angles are at least par-
tially outside of the first range of angles.

5. The device of any one of claims 1 to 4, wherein

a) the front side coating and the back side coat-
ing each comprises one or more dielectric lay-



19 EP 4 439 151 A1

ers, and/or wherein
b) the front side coating and the back side coat-
ing each comprises one or more metallic layers.

a second end of the second guide.

20

the second guide back side is positioned over
the guide front side;

the second input coupler is positioned between
the second guide back side and the guide front

6. The device of any one of claims 1 to 5, wherein 5 side; and
the output coupler is positioned between the
a) the firstwaveband and the second waveband second guide back side and the guide front side,
overlap and/or wherein and optionally wherein
b) the first waveband and the second waveband the device comprises an air gap between the
are substantially identical. 10 second guide back side and the guide front side.
The device of any one of claims 1 to 6, wherein: 11. The device of any one of claims 8 to 10, comprising
the back side coating is configured to reflect rays a third guide comprising a third guide front side
of afirst plurality of non-overlapping wavebands 75 and a third guide back side opposite the third
that include the first waveband; guide front side;
the front side coating is configured to reflectrays a third back side coating along the third guide
of a second plurality of non-overlapping wave- back side and configured to reflect rays in a fifth
bands that include the second waveband, and waveband;
optionally wherein 20 a third front side coating along the third guide
each waveband of the first plurality of non-over- front side and configured to reflect rays in a sixth
lapping wavebands is substantially identical to waveband;
a correspond waveband of the second plurality a third image source configured to emit rays to-
of non-overlapping wavebands. ward the second guide;
25 a third input coupler configured to receive the
8. The device of any one of claims 1 to 7, comprising: rays emitted by the second image source and
couple the rays into the third guide; and
a second guide comprising a second guide front a third output coupler configured to receive rays
side and a second guide back side opposite the propagated along the third guide between the
second guide front side; 30 third guide back side and the third guide front
a second back side coating along the second side and emit the received rays from the third
guide back side and configured to reflect rays in guide front side, and optionally wherein
a third waveband;
a second front side coating along the second a) the first waveband and the second wave-
guide front side and configured to reflectraysin 35 band correspond to a red waveband;
a fourth waveband;
a second image source configured to emit rays the third waveband and the fourth
toward the second guide; waveband correspond to agreenwave-
a second input coupler configured to receive the band; and
rays emitted by the second image source and 40 the fifth waveband and the sixth wave-
couple the rays into the second guide; and band correspond to a blue waveband,
a second output coupler configured to receive and/or wherein
rays propagated along the second guide be-
tween the second guide back side and the sec- b) the device comprises an imaging device,
ond guide front side and emit the received rays 45 wherein the imaging device includes the im-
from the second guide front side. age source, the second image source, and
the third image source.
9. The device of claim 8, comprising a frame, wherein
the frame includes: 12. The device of any one of claims 1 to 11, wherein:
50
a first arm proximate a first end of the guide; the front side coating permits passage of light
asecond arm proximate a firstend of the second of a third waveband through the front side coat-
guide; and ing; and
a bridge between a second end of the guide and the back side coating permits passage of light
55

of a fourth wave band through the back side
coating.

10. The device of claim 8 or 9, wherein:
13. A method, comprising:

1"
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emitting rays from an image source; tion of the second rays from the second guide
coupling the rays from the image source into a front side.
guide comprising a guide front side with a front

side coating and a guide back side with a back

side coating; 5

reflecting a first portion of the rays between the

guide front side and the guide back side based

on refractive index interfaces of the guide front

side and the guide back side;

reflecting a second portion of the rays between 10

the front side coating and the back side coating

based on a common reflective waveband of the

front side coating and the back side coating; and

out-coupling the first portion and the second por-

tion of the rays from the guide front side. 15

14. The method of claim 13, wherein:

a) the reflecting the first portion of the rays com-
prises reflecting rays within a first range of an- 20
gles; and

the reflecting the second portion of the rays com-
prises reflecting rays within a second range of
angles, and/or wherein

b) the reflecting the first portion of the rays com- 25
prises reflecting rays within a first range of an-
gles; and

the reflecting the second portion of the rays com-
prises reflecting rays within a second range of
angles that overlaps the first range of angles, 30
and/or wherein

c) the reflecting the first portion of the rays com-
prises internal reflecting rays within a first range

of angles; and

the reflecting the second portion ofthe rayscom- 35
prises internally reflecting rays within a second
range of angles that does not overlap the first
range of angles.

15. The method of claim 13 or 14, comprising: 40

emitting second rays from a second image
source;

coupling the second rays into a second guide
comprising a second guide front side withasec- 45
ond front side coating and a second guide back
side with a second back side coating;

reflecting a first portion of the second rays be-
tween the second guide front side and the sec-

ond guide back side based on refractive index 50
interfaces of the second guide front side and the
second guide back side;

reflecting a second portion of the second rays
between the second front side coating and the
second back side coating based on a common 55
reflective waveband of the second front side
coating and the second back side coating; and
out-coupling the first portion and the second por-
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